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Abstract: Apples are the most important species in Polish fruit production, and their fresh fruit and
processing products occupy a very important place in the European and world food economies. A nat-
ural process on the apple market is the replacement of older cultivars with new ones. Consequently,
breeding work is being carried out all over the world to obtain new, attractive apple cultivars. In this
work, four new apple hybrids obtained in the Department of Pomology and Horticulture Economics
at the University of Life Sciences in Warsaw (WULS—SGGW), i.e., two red-skinned hybrids (‘I’P’ and
‘TL’) and two green-skinned hybrids (‘GL’ and ‘LG’), were tested for their main physico-chemical
characteristics after harvest and after storage, as well as for their consumer acceptability in a com-
parison with three popular cultivars in Poland (‘Šampion’, ‘Golden Delicious’, and ‘Ligol’). The
hybrids evaluated were differentiated in terms of the tested features. It was found that the fruits of
the ‘GL’ hybrid had the highest firmness—both after harvest and post storage; it was also one of the
highest-rated overall impressions by consumers among the cultivars tested (only ‘Ligol’ apples had
higher scores). The hybrid with low fruit quality and low health-promoting properties at this stage of
the study was ‘TL’, whose overall impression was also rated lowest by consumers. The study also
showed that the content of bioactive compounds and antioxidant activity of apples can be higher in
green-skinned cultivars compared to red-skinned cultivars.

Keywords: breeding; apple; fruit quality; storage; antioxidant capacity; polyphenols; flavonoids;
consumer ratings

1. Introduction

Apples (Malus × domestica Borkh.) are one of the most popular and widely produced
fruits in the world. Their cultivars are highly valued for their flavours (sweet, sour, tart,
and sweet–sour), nutritional value, as well as their ability to be used in a wide variety of
ways [1,2]. Apples are an excellent source of vitamins (mainly vit. C, 2.3–31.1 mg/100 g
DM), minerals (=ash 0.34–1.23%), dietary fibre (≈2–3% and pectin <50% apple fibre),
carbohydrates, sugars (fructose, glucose, and sucrose), organic acids (0.2–0.8%), pectin,
and water [3–8]. In addition to their nutritional value, they are also a valuable source of
biologically active compounds, especially phenolic compounds, making them extremely
beneficial to health [9]. The main phenolic compounds reported in apples are chlorogenic
acid, epicatechin, procyanidins, phloretin, and quercetins, and their profiles depend on
cultivar, environmental conditions, maturity stage, and storage time [10].

According to the USDA (US Department of Agriculture) [11], more than 80 million
tons of apples were produced worldwide in 2022. Based on these data, China is the largest
producer (about 45 million tons), followed by the European Union, which supplies approx.
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12 million tons of apples, of which approx. 4 million tons are produced by Poland, placing
it first in Europe and fourth in the world.

Currently, there are around 7500 apple cultivars worldwide, each with its own unique
set of characteristics. According to PIORIN [12], in Poland, 74 apple cultivars are registered,
of which only 8 dominate commercial production and cover approximately 80% of the
orchard area. These are: ‘Gala’ (17.9%), ‘Red Jonaprince’ (15.3%), ‘Golden Delicious’
(15.2%), ‘Idared’ (11.2%), ‘Šampion’ (9.6%), ‘Ligol’ (8.5%), ‘Red Delicious’ (4.6%), and
‘Jonagold/Jonagored’ (4.3%). However, as some scientists report [13], the production of
only a few commercially available varieties leads to a reduction in apple biodiversity.
Additionally, it should be noted that apples are an extremely economically important fruit,
which is why breeders around the world continue to develop new cultivars with improved
characteristics [14]. Blažek [15] states that new additions to the list should have better
fruit quality and be more resistant to disease than the cultivars currently grown. Today’s
breeding objectives are determined primarily by the market and consumer demands, and
selecting high-quality apple cultivars is not easy. According to the researchers, apple fruit
consists of both a large group of external and internal characteristics [16,17]. External
characteristics include colour, shape, size, and the absence of defects. Internal quality, on
the other hand, is flavour, texture, aroma, nutritional value, sweetness, acidity, and shelf
life. Crunchy texture, juiciness, balanced sugar/acid ratio, and visual characteristics such as
attractive red fruit colour, regular shape, and size are currently highly desirable attributes
important in the choice of fruit [18]. The changing consumer preferences, the adaptation
of cultivars to the principles of sustainable horticulture, and the changing climate are
new challenges to be taken into account in today’s breeding of new cultivars. But for
consumers, however, the important attributes of apples are not only their high overall
quality or sensory value, but increasingly also their nutritional value and health-promoting
qualities. As consumers become more discerning in their choices and more aware of health
and environmental issues, the evaluation of new cultivars is becoming not only a question
of taste or overall appearance, but also of meeting changing expectations and values.
Therefore, before being marketed, the fruit must have numerous requirements, both in
terms of quality, with regard to external characteristics, as well as internal characteristics and
health-promoting characteristics [19]. The evaluation of these characteristics is important,
as they have a direct impact on consumer acceptance. In the evaluation of new apple
cultivars, particular attention should be paid to the soluble solid content, acidity, and
firmness of fruits, because these characteristics significantly determine whether an apple
is sweet and crisp and thus whether it is attractive to customers. Although individual
preferences vary, the ideal apple is one that harmoniously combines these traits, resulting
in a fruit that is visually appealing, delicious, and nutritious [20,21]. It is noteworthy that a
new generation of apple cultivars with improved fruit quality has hit the market recently
(e.g., ‘Pink Lady®, ‘Kanzi®, and Jazz™). These cultivars are characterised, among other
things, by better texture, higher soluble solids, or higher titratable acidity than current
cultivars, such as ‘Golden Delicious’ or ‘Jonagold’, the two most commonly grown cultivars
in Europe [22]. Nevertheless, consumer preferences have been found to vary according
to geographical location and also between demographic groups in the population [23–26].
Sansavini et al. [27] divided apples into four groups corresponding to different consumer
preference profiles. In the first group, they included ‘American/European dessert apples’
fruits with a nice shape, appearance, and colour (they are usually single-coloured), large
size, and sweet-wine flavour. The second group included ‘European refreshment apples’,
which were characterised by increased juiciness, tartness, and a uniform or two-coloured
skin colour. The next group was ‘Asian dessert apples’, characterised by high sweetness
and juiciness, firm flesh, low acidity, and long shelf life. The last group includes ‘juicy,
firm, and crisp (JFC) quality apples’, which are an excellent combination of juiciness and
crispness with genotypes with high sugar and acid content.

The purpose of the present study was a preliminary evaluation of four new apple
hybrids in terms of the main physicochemical characteristics of the fruit, as well as their
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acceptance by the consumer compared to three popular cultivars in Poland (‘Šampion’,
‘Golden Delicious’, and ‘Ligol’). We assume that the results obtained will help identify
the most valuable hybrids in terms of fruit quality, which will then be subjected to further
research. As a result, it will be possible to select the most valuable cultivars for registration.

2. Materials and Methods

The study was conducted in 2022 in the Department of Pomology and Horticulture
Economics at the University of Life Sciences in Warsaw (WULS—SGGW). The research
material consisted of fruits of the four new apple hybrids: ‘Idared’ × ‘Prima’ (red ‘IP’),
‘Granny Smith’ × ‘Ligol’ (green ‘GL’), ‘Topaz’ × ‘Ligol’ (red ‘TL’), ‘Ligol’ × ‘Granny Smith’
(green ‘LG’), as well as of the three apple cultivars, which are well known on the Polish
market: ‘Ligol’, ‘Šampion’, and ‘Golden, Delicious’. All fruit materials were obtained from
10 trees of each cultivar from the experimental orchard of WULS (SGGW), located in central
Poland, in the area of Warsaw—Wilanow (Mazowieckie province: 52◦09′38′′ N 21◦06′15′′ E;
85 m a.s.l.). The soil in which we grew the plants was sandy–loamy, with a slightly acidic
pHKCl (6.0–6.5), and with 2.5% humus. The average annual temperature in the region is
approx. 7.5 ◦C, and the total precipitation is 450 mm. The average temperature, rainfall
totals, and relative air humidity for the 2022 vegetation season at the experimental location
are presented in Table 1. The accurate meteorological data were obtained directly from a
meteorological station located in the orchard where the experiment was set up.

Table 1. Meteorological conditions during 2022 vegetation season.

Month Average Temp. (◦C) Precipitation (mm) Relative Air
Humidity (%)

March 5.21 53.4 71.15
April 7.21 35.6 65.94
May 13.79 39.2 74.26
June 19.21 121.8 77.25
July 19.07 48.4 79.39

August 20.98 59.2 84.97
September 11.49 35.2 92.34

October 10.16 24.0 94.96

All hybrids evaluated in the present experiment were obtained by Dr Cezary Piestrze-
niewicz (breeder, then employee of the former Department of Pomology at WULS), who
carried out crossbreeding and selection. Seedling selection was performed in 2003 and 2004.
In 2013, the selected seedlings were grafted onto M.9 rootstock, while in 2015, the trees
on M.9 rootstock were planted in the experimental orchard. Three other cultivars (‘Ligol’,
‘Šampion’, and ‘Golden, Delicious’) were planted in 2011 on M.9 rootstock. All trees grew
at a distance of 3.5 m by 1.0 m, and they were managed in spindle form. An experimental
orchard was applied according to the principles of integrated fruit production. The studied
cultivars were harvested in September (‘Šampion’—28.09) and October (all hybrids—5.10,
‘Golden Delicious’ 10.10, ‘Ligol’ 14.10), 2022.

In order to determine the optimum harvest maturity of the fruit, a starch test was
applied, according to Blanpied and Silsby [28]. It was based on the reaction with Lugol’s
solution and assessed visually in comparison with the 10-point scale standards. The apples
of all cultivars tested reached no. 7 on the starch index scale at the time of picking. After
harvesting, apples from each tested cultivar were randomly divided into 3 groups, with
40 fruits in each group, as follows: ‘group 1’—fruits to evaluate quality characteristics
after harvest (i.e., physical characteristics, seed parameters, instrumental measurements,
external colour, and antioxidant properties); ‘group 2’—fruits placed in cold storage (2◦C,
relative humidity 90–92%) for instrumental evaluation after a storage period of 3 months
(instrumental measurements, antioxidant properties); and ‘group 3’—fruits intended for
consumer assessment after a 3-month storage period.
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2.1. Analytical Methods

• Physical characteristics of the fruits: The mean fruit mass (g) was calculated from
a sample of 30 fruits for each replicate and measured on a TP 200 (OHAUS Europe
GmbH, Nänikon, Switzerland) analytical balance. Then, we measured fruit height
using a calliper gauge. The results were given in cm. In the next step, the width of
the apples in two directions was measured at half-height with a calliper, and after
averaging both results, the diameter of the fruit was obtained. The results were given
in cm.

• Seed parameters: We counted the number of seeds in 30 fruits of each cultivar tested.
The results were then averaged for each of the cultivars tested. In the next step, we
weighed the seeds of each cultivar on an analytical balance TP 200 (OHAUS Europe
GmbH, Nänikon, Switzerland). The results were also averaged for each cultivar. Then
we calculated the mass of 100 seeds using mathematical calculations; the results were
shown in grammes.

• Characteristics of fruit quality after harvest and after storage: All measurements
were carried out in 4 repetitions for each cultivar, 10 apples per replication, both for
apples immediately after harvest and for fruit after a storage period.

The firmness (FF) was determined as the maximum force required to push the 11 mm
Magness-Tylor probe penetrometer into the fruit (after skin removal) to a depth of
8 mm using an Instron 5542 tester (Instron, High Wycombe, UK). The results were
expressed in Newtons (N) [29].
The soluble solids content (SSC) was determined using the refractometric method
at 20 ◦C in juice pressed from a sample of homogenised fruit using a refractometer
(Atago, Palette PR-32, Atago, Co., Ltd., Tokyo, Japan), and the results were expressed
in Brix degrees (◦Bx) [30].
Titratable acidity (TA) was determined according to Polish Standard PN-EN
12,147:2000 [31]. It was measured by an automatic titrator (Titro-Line 5000, Xylem
Analytics Germany GmbH, Weilheim, Germany) using a solution consisting of 10 mL
of apple juice (obtained in a juicer for the determination of SSC) and 100 mL of distilled
water, which was titrated to pH 8.1 with 0.1 N NaOH.
Furthermore, based on TA and SSC results, the TA/SSC ratio was calculated using
mathematical calculations.

• External colour of fruits: Blush intensity was determined only for those apple cul-
tivars that had blush, i.e., hybrids—red ‘IP ‘, green ‘GL’, and red ‘TL’ as well as
‘Ligol’ and ‘Šampion’. The basic peel colour was determined for those cultivars that
had the visible peel colour, i.e., hybrids—green ‘GL’ and green ‘LG’ as well as for
‘Golden Delicious’ and ‘Ligol’. We measured external colour with a Minolta CR-508i
colourimeter (Minolta, Osaka, Japan) equipped with a 5mm measuring head, observer
10◦, and illuminant D65. We calibrated the meter using the manufacturer’s standard
white plate. Measurements were made on the blush side of 10 apples per replication
according to the CIE L*a*b* system, in which L* is a value in the range of 0 to 100
(dark-light), the parameter a* is a value in the range between 60 (green) and +60 (red)
and the parameter b* is a value in the range between −60 (blue) and + 60 (yellow). We
quantified the colour changes in the L*, a*, and b* colour spaces [32].

• Antioxidant properties: The analyses of antioxidant properties were evaluated sepa-
rately in fruit peel and flesh. The fruit samples for assessing antioxidant value, taken
separately from peel and flesh, were immediately frozen in liquid nitrogen and stored
(−80 ◦C) after collection. All analyses were carried out for both fruit directly after
harvest and for fruit after a storage period.

Total polyphenol content was measured using the Marcel 330S PRO spectrophotometer
(Marcel, Zielonka, Poland) according to the spectrophotometric method [33] with
Folin–Ciocalteu reagent. according to the previously described method [34]. We
extracted 5 g of fruit flash material and 1.25 g of peel separately, crushed in liquid
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nitrogen with 50 mL of 100% methanol. The extraction process was replicated twice by
pouring the extracts into a 100 mL flask. One by one, 1 mL of extract was poured into
a 50 mL flask, then 35 mL of H2O, 2.5 mL of Folin–Ciocalteau reagent, and 7.5 mL of
10% NaCO3 were added. The solution so prepared was supplemented with H2O and
incubated at 25 ± 2 ◦C for 20 min. The measurements were performed at a wavelength
of 750 nm. As a standard, gallic acid was used at the following concentrations: 0.00,
0.05, 0.15, 0.20, 0.25, and 0.3 g/L. We calculated the polyphenol content using the
following formula: (105.89 · absorbance2 + 25.318 · absorbance)/mass · 50. Total
polyphenol content was expressed in milligrammes of gallic acid per 100 g−1 FW
(fresh weight).
The analysis of the flavonoid content was performed according to the modified method
of Marinova et al. [35] using a Marcel s330 PRO spectrophotometer (Marcel S.A.,
Warsaw, Poland) at 510 nm. We crushed 2.5 g of fruit flesh and 1.25 g of fruit peel
separately in liquid nitrogen and used them to determine the flavonoids. The samples
were mixed with 25 mL of 80% methanol and extracted for 15 min. The extractions
were performed twice. In the next step, distilled water, 5% NaNO2, 10% AlCl3, and 1 M
NaOH were sequentially added to the resulting samples at predetermined intervals.
The flavonoid content was calculated using a standard curve (y = 1.86x), performed
with quercetin solutions, and including the following concentrations: 0.00, 0.20, 0.60,
0.80, and 1.00 g·L. The total flavonoid content of the fruit was presented as mg of
quercetin equivalents (QE) per 100 g−1 FW (fresh weight).
Antioxidant activity was evaluated according to the method of Saint Criq de Gaulejac
et al. [36] using the synthetic radical DPPH (1,1-diphenyl-2-picrylhydrazine, Sigma-
Aldrich, Poznań, Poland). The results were expressed in mg per g FW of ascorbic acid
(AAE) (mg AAE·100 g−1 FW).

• Consumer analysis of fruit after a 3-month storage period: Acceptability was assessed
by a blind panel test of 100 respondents who were all volunteers—students (women
and men) aged 20–24. All participating judges are everyday apple consumers. The fruit
was cut along the fruit axis into 8 pieces and placed on numbered plates to eliminate
any suggestion of the cultivar’s name in the sensory evaluation. The order in which
the samples were presented was randomised for each judge. Mineral water was used
as a palate cleanser between samples. The judges assessed all the samples and were
asked to rate apple characteristics such as firmness, crunchiness, juiciness, sweetness,
acidity, and overall impression acceptability according to a hedonic test (1—dislike
very much; . . . ; 9—like very much). Point 5 indicates the neutral like/dislike level,
and ratings below this point have been determined to be unacceptable by consumers.

2.2. Statistical Analysis

All the results, with the exception of the fruit consumer analysis, were analysed
statistically via Statistica 13.3 (StatSoft Polska, Krakow, Poland) using one-way analysis of
variance. The Newman–Keuls test was used to evaluate the significance of the differences
between the means (p ≤ 0.05). The table and figures also show the standard deviations.

3. Results

The results presented here represent only a preliminary analysis of the research, which
will continue in future years.

3.1. Physical Characteristics of the Fruits

The fruits of the hybrids studied were significantly smaller—both in terms of mass
(Figure 1a) and size, that is, height (Figure 1b) and diameter (Figure 1c)—than those of
‘Šampion’, ‘Golden Delicious’, and ‘Ligol’. Taking into account the data on the average
mass of the fruits, it was found that the fruit of the three comparative cultivars had a mass
ranging from approx. 217 g (‘Šampion’) to approx. 246 g (‘Ligol’). Among hybrids, on the
other hand, the red ‘IP’ and green ‘GL’ hybrids were characterised by significantly larger
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apples (more than 184 g) compared to the green ‘LG’ hybrid, which had by far the smallest
fruit (its weight did not exceed 150 g). When taking into account the height of the fruit, it
was observed that ‘Šampion’ apples were significantly lower than ‘Golden Delicious’ and
‘Ligol’, whose fruit was characterised by the greatest height, i.e., over 7 cm. The height of
the hybrids ‘IP’, ‘GL’, and ‘LG’ was comparable to those of ‘Šampion’ (all above 6 cm in
height). The lowest height was found for apples of the red hybrid ‘TL’ (less than 6 cm),
although they were only slightly lower than those of the hybrids ‘GL’ and ‘LG’. With regard
to fruit diameter, it can also be seen that the apples of ‘Šampion’, ‘Golden Delicious’, and
‘Ligol’ were larger than the others (approximately 8 cm). Of the hybrids evaluated, only the
red ‘IP’ had a slightly smaller diameter compared to the three comparison cultivars. On the
other hand, it also proved to be the smallest cultivar among the tested cultivars in this case;
the diameter of its apples did not exceed 7 cm.
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3.2. Seed Parameters

The number and mass are traits that were largely determined by the cultivar (Figure 2).
‘Golden Delicious’ apples had the fewest seeds (on average 5.53/fruit) (Figure 2a), which
were also characterised by the lowest mass of 100 seeds—3.7 g (Figure 2b). The highest
number of seeds was found in hybrids ‘TL’ (13/fruit) and ‘LG’ (more than 14/fruit),
although considering their mass, they were among the lighter of the cultivars tested. The
hybrids ‘IP’ and ‘GL’, as well as the cultivars ‘Šampion’ and ‘Ligol’, were characterised by
fruits with a similar number of seeds (above 9) and 100-seed mass (approx. 6–7 g).
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3.3. Fruits Quality Characteristic after Harvest and after Storage

The analyses revealed that all the quality characteristics depended on the cultivar
(Table 2). The hybrid ‘GL’ showed the highest firmness of the fruit, both after harvest
(above 106 N) and after storage (above 83 N). The red hybrids ‘IP’ and ‘TL’ had high
firmness after harvest (above 70 N)—although significantly lower than ‘GL’. Only slightly
lower postharvest firmness compared to ‘IP’ and ‘TL’ was recorded for ‘LG’ (above 67)
and Golden Delicious’ apples (above 68 N). A slightly lower post-harvest firmness was
found for the cultivar ‘Šampion’ with approx. 64 N and the lowest for ‘Ligol’ with below
60 N. After storage, the lowest firmness was found in ‘LG’ fruit—below 40 N, as well as in
‘Šampion’ and ‘IP’, which had a firmness only slightly higher than ‘LG’.

The fruits of ‘Šampion’, Golden Delicious’, and ‘Ligol’ were characterised by the
highest SSC after harvest—above 13◦Brix (Table 2). Of the hybrids tested, only the red ‘TL’
had a comparable—although slightly lower—SSC after harvest. The fruits of the hybrid
‘GL’ were characterised by the lowest value of this trait (below 12◦Brix). The SSCs of the
cultivars tested were different after storage. Only the ‘Šampion’ apples had the highest
SSC—above 15◦Brix. Both green hybrids and the cultivar ‘Golden Delicious’ also had high
SSC after storage—all above 13◦Brix. The cultivar ‘Ligol’ had a lower SSC value after
storage than before storage. The other cultivar whose SSC after storage was lower than
after harvest was the red hybrid ‘TL’. Its SSC value was the lowest and reached approx.
11.5 after storage.
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Table 2. Fruit quality characteristic after harvest and after storage depending on cultivar.

Cultivar
Fruit Firmness (FF) [N] Soluble Solid Content (SSC) [Bx] Titratable Acidity (TA) [%] SSC/TA Ratio

PH AS PH AS PH AS PH AS

‘IP’ 70.02 ±1.47 BC* 46.11 ±0.41 AB* 12.10 ±0.16 B 12.50±0.20 AB 0.79 ±0.02 E 0.57 ±0.01 B 15.3 ±0.53 A 21.25 ±0.17 A

‘GL’ 106.07 ±0.77 D 83.13 ±0.32 D 11.30 ±0.22 A 13.40 ±0.10 C 0.43 ±0.01 B 0.41 ±0.01 AB 25.7 ±0.99 B 32.68 ±1.07 BC

‘TL’ 73.71 ±1.95 C 48.74 ±1.06 B 12.60 ±0.25 BC 11.57 ±0.10 A 0.67 ±0.00 D 0.48 ±0.02 B 18.7 ±0.39 A 24.10 ±0.90 AB

‘LG’ 67.65 ±0.48 BC 39.75 ±0.93 A 11.83 ±0.12 AB 13.17 ±0.15 C 0.46 ±0.01 BC 0.35 ±0.00 A 25.6 ±0.79 B 39.34 ±0.54 D

‘Šampion’ 64.37 ±1.40 B 44.27 ±0.76 AB 13.77 ±0.12 C 15.18 ±0.05 D 0.34 ±0.02 A 0.41 ±0.01 AB 40.6 ±1.00 C 38.54 ±1.20 CD

‘Golden
Delicious’ 68.13 ±1.41 BC 57.80 ±0.24 C 13.80 ±0.24 C 13.80 ±0.40 C 0.54 ±0.03 C 0.49 ±0.03 AB 25.4 ±0.90 B 27.55 ±1.10 B

‘Ligol’ 59.37 ±0.70 A 50.62 ±0.88 B 13.30 ±0.29 C 12.50 ±0.40 B 0.46 ±0.03 BC 0.37 ±0.02 A 29.0 ±1.50 B 33.78 ±1.40 C

* Values with different letters are significantly different within a column. PH—postharvest. AS—after storage.

Statistical analysis after harvest revealed that the ‘IP’ hybrid had the highest TA
of all cultivars (just under 80%) (Table 2). The ‘TL’ hybrid was also characterised by
high fruit acidity, although it had a significantly lower TA compared to ‘IP’. Fruit from
‘Golden Delicious’ had considerably lower TA than the above-mentioned cultivars—approx.
50%. Similarly to ‘Golden Delicious’, the value of the parameter in question was also
characterised by the fruit of the hybrid and ‘Ligol’. The lowest acidity after harvest was
recorded in the cultivar ‘Šampion ‘. After storage, on the other hand, the apples of the
hybrids ‘IP’ and ‘TL’ were still found to have high acidity compared to the other cultivars,
although statistically, the hybrid ‘GL’ and the cultivar ‘Šampion’ had similar acidity. On
the other hand, a lower TA value relative to ‘IP’ and ‘TL’ was recorded in the hybrid ‘LG’
and the cultivar ‘Ligol’.

Considering the SSC/TA ratio after harvest, it was found that the cultivar ‘Šampion’
had the highest value—above 40 (Table 2). A much lower SSC/TA ratio was recorded in
both green hybrids, as well as in the cultivars ‘Golden Delicious’ and ‘Ligol’—all below 30.
The lowest value of the ratio in question was recorded in two red hybrids, below 20. After
storage, all cultivars except ‘Šampion’ had a higher SSC/TA ratio than before storage. The
highest SSC/TA value after storage was recorded for the green hybrid ‘LG’ apples—almost
40. The ratio was not significantly lower for ‘Šampion’ apples—approx. 38.5. A fairly high
value for this ratio after storage was also found for the ‘Ligol’ and hybrid ‘GL’ apples. The
lowest SSC/TA value after storage occurred for the red hybrid ‘IP’ apples—approx. 21.

3.4. External Colour of Fruits
3.4.1. Blush Intensity

Blush was visible on five of the seven cultivars tested, and its intensity, both in terms
of the L* as well as ‘a’ and ‘b’, was a cultivar-dependent trait (Figure 3).

The ‘GL’ hybrids had the highest L* value— approx. 60, so it was found that their blush
was the brightest among the other blushing cultivars (Figure 3a). The ‘Šampion’ apples also
stood out from the other cultivars, with a significantly darker blush compared to the ‘GL’
hybrid, but with a significantly lighter blush than the other cultivars, with an L* value of
approx. 48. The red hybrid ‘TL’ had the darkest blush (had the lowest L* value— approx.
40). In terms of the value of the L* parameter, both the ‘IP’ and ‘TL’ hybrids had a blush
similar to that of the ‘Ligol’ cultivar.

However, when considering the ‘a’ parameter, it can be seen that the lightest blush,
in the case of the ‘GL’ hybrid, was also the least coloured blush (Figure 3b). The ‘a’
parameter—indicating the colour from green to red—was the lowest in these apples—
below 1. In contrast, this correlation was not confirmed for the cultivar ‘Šampion’, in which
the rather light blush was also the most intensely coloured of the cultivars with blush—the
‘a’ factor reached a value of just under 30. The two red hybrids and the cultivar ‘Ligol’,
were coloured red to a similar degree relative to each other (‘a’—approx. 21–25).
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Figure 3. Blush intensity: (a) L* value, (b) ‘a’ value, and (c) ‘b’ value, depending on the cultivar. *
Values with different letters are significantly different.

Taking the value of the parameter ‘b’, i.e., colour from blue to yellow, it can be seen that
the hybrid with the brightest and least red ‘GL’ had the most yellow blush shade—above 27
(Figure 3c). The cultivar ‘Šampion’ demonstrated a significantly less yellow blush (factor ‘b’
value—approx. 14). In the apples of the other hybrids and the cultivar ‘Ligol’, the value of
the parameter ‘b’ was significantly lower than in the two cultivars mentioned above, i.e.,
approx. 8–10.

3.4.2. Basic Peel Colour

Among all four hybrids and the three cultivars tested, only in two hybrids (‘GL’
and ‘LG’) and two cultivars (‘Golden Delicious’ and ‘Ligol’) was the basic peel colour
measurable. In the analyses carried out, it was proven that, as in the case of blush colour,
basic peel colour was also a characteristic determined by the cultivar (Figure 4).

It turned out that hybrid ‘GL’, which had an L* value below 70.0, had a significantly
darker basic skin colour than the other hybrid and the other 2 varieties (L*—above 70).
(Figure 4a).

It was also proven that the most intense green colour of the skin, expressed by the factor
‘a’, was observed in apples of the ‘GL’ hybrid (value of ‘a’—approx. −14.0) (Figure 4b). A
significantly less intense green skin colour was found in the second green hybrid and the
‘Golden Delicious’ cultivar (value ‘a’—approx. 12). The apples of the cultivar ‘Ligol’ were
characterised by the highest value of the parameter ‘a’ (approx. −7.8) and therefore the
least intense green skin shade.
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Figure 4. Basic peel colour: (a) L* value, (b) ‘a’ value, and (c) ‘b’ value, depending on the cultivar.
* Values with different letters are significantly different.

It was also found that the basic peel colour of ‘Golden Delicious’ and ‘Ligol’ apples
was significantly more yellow than that of ‘GL’ hybrid apples (Figure 4c). In the ‘LG’ hybrid,
a value for the parameter ‘b’ of approximately 35.8 was observed, which showed that the
intensity of the yellow skin colouration of these apples was similar to all other apples.

3.5. Antioxidant Properties
3.5.1. Total Polyphenol Content

Based on the analyses, it was found that the total content of polyphenols in the flesh
and peel of the studied fruits, both before and after storage, depended on the cultivar
(Figure 5). In general, it can be concluded that the content of polyphenols in the peel did
not reflect the content of these substances in the flesh. Fruits with the highest content of
polyphenols in the flesh directly after harvest were apples of the red hybrid ‘TL’—approx.
190 mg·100 g−1 FW (Figure 5a). Only a slightly lower content of polyphenols was recorded
in the flesh of ‘Golden Delicious’ apples—approx. 170 mg·100 g−1 FW. Meanwhile, the
fewest polyphenols in the flesh were in the apples of hybrids: ‘IP’ and ‘LG’ and the cultivar
‘Ligol’. On the other hand, a completely different correlation was noted in the peel of
the fruit after harvesting. In this regard, ‘Golden Delicious’ and ‘Ligol’ cultivars had the
highest content of the described compounds—more than 350 mg·100 g−1 FW. Slightly
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fewer polyphenols were in the peels of ‘Šampion’ fruit—approx. 343 mg·100 g−1 FW. The
green hybrid ‘GL’ was characterised by only a slightly lower content of polyphenols in the
peel (approx. 329 mg·100 g−1 FW.) compared to ‘Šampion’. On the other hand, the lowest
polyphenol content in the peel directly after harvest was characterised by apples of the
‘TL’ hybrid—despite the fact that this hybrid was characterised by the highest polyphenol
content in the flesh.
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Figure 5. Total polyphenol content for flesh and peel: after harvest (a) and after storage (b), depending
on the cultivar. * Values marked with different letters differ significantly within each part of the fruit
(flesh, peel) at a given date of analysis (post-harvest, after storage).

Considering the total content of polyphenols after storage, a greater convergence than
after harvest was noticed in the amount of studied compounds between the peel and flesh
of the tested cultivars (Figure 5b). It was found that the least abundant in polyphenols
both in terms of flesh and skin were apples of the ‘LG’ hybrid (approx. 102 mg·100 g−1

FW in flesh and approx. 276 mg·100 g−1 FW in skin). On the other hand, the cultivar
with the highest content of polyphenols in both flesh and peel was ‘Šampion’ (approx.
291 mg·100 g−1 FW in flesh and over 571 mg·100 g−1 FW in peel).

3.5.2. Total Flavonoid Content

Similarly to polyphenols, the total flavonoid content of the flesh and peel, both before
and after storage, also differed between the cultivars studied (Figure 6). The lowest
flavonoid content in the flesh after harvest was characterised by the hybrid ‘IP’—less than
8 mg·100 g−1 FW (Figure 6a). Also, in the peel of this hybrid, the content of the compound
in question was one of the lowest; it did not exceed 40 mg·100 g−1 of FW. On the other hand,
the highest flavonoid content was recorded in the flesh and peel of ‘Šampion’ and ‘Golden
Delicious’ hybrids (above 20 mg·100 g−1 FW in the flesh and over 60 mg·100 g−1 FW in
the peel). It is also worth noting that among the hybrids, ‘TL’ apples were characterised by
a fairly high content of flavonoids in the flesh, while in the peel, ‘GL’ fruit had a relatively
high content of the compound in question. Interestingly, the flavonoid content in the peel
of the ‘TL’ hybrid—as well as ‘IP and ‘LG’—was among the lowest.

After storage, it was found that all hybrids had a significantly lower total flavonoid
content in the flesh compared to the cultivars ‘Šampion’, ‘Golden Delicious’, and ‘Ligol’,
in which the content was greater than 36 mg·100 g−1 FW (Figure 6b). The lowest content
of flavonoids in the flesh after storage was observed in apples of the ‘IP’ hybrid (approx.
15 mg·100 g−1 FW). In the peel, the content of the compounds in question was significantly
higher, with the highest flavonoid content observed in the ‘Šampion’ and ‘Golden Delicious’
cultivars—approx. 96 mg·100 g−1 FW. Significantly lower flavonoid content was observed
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in hybrids: ‘IP and ‘GL’, as well as the cultivar ‘Ligol’—approx. 70 mg·100 g−1. However,
apples from the ‘LG’ hybrid were the least rich in flavonoids, less than 49 mg·100 g−1.
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Figure 6. Total flavonoid content for flesh and peel: after harvest (a) and after storage (b), depending
on the cultivar. * Values marked with different letters differ significantly within each part of the fruit
(flesh, peel) at a given date of analysis (post-harvest, after storage).

3.5.3. Antioxidant Activity—DPPH

The highest antioxidant activity in the flesh of the tested cultivars directly after harvest
was recorded in the green hybrid ‘LG’ (above 1 µM Trolox·100 g−1 FW) and the cultivar
‘Golden Delicious’ (above 0.9 µM Trolox·100 g−1 FW) (Figure 7a). On the other hand,
the lowest DPPH was found in the hybrid ‘TL’— approx. 0.2 µM Trolox·100 g−1 FW. In
contrast, these results are not reflected in the fruit peel. The highest antioxidant activity
was observed in the peels of ‘Ligol’ apples— approx. 1.4 µM Trolox·100 g−1 FW. Fairly
high, although statistically lower than in ‘Ligol’ DPPH in the peels, was found in ‘Golden
Delicious’ (above 1.3 µM Trolox·100 g−1 FW). Both green hybrids had similar antioxidant
activity to each other of more than 1.2 µM Trolox·100 g−1 FW, while the DPPH of the skin
of the ‘TL’ hybrid was less than 1.2 µM Trolox·100 g−1 FW, and it was only slightly lower
compared to that of ‘GL’. The antioxidant activity in the peel of the red hybrid ‘IP’ was
significantly lower than in the other three hybrids. On the other hand, the lowest value
of DPPH in fruit peels after harvesting was recorded in the ‘Šampion’ cultivar—slightly
above 0.8 µM Trolox·100 g−1 FW.
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Figure 7. Antioxidant activity (DPPH) for flesh and peel: after harvest (a) and after storage (b),
depending on the cultivar. * Values marked with different letters differ significantly within each part
of the fruit (flesh, peel) at a given date of analysis (post-harvest, after storage).
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Post-storage analyses proved that the lowest DPPH in the flesh—as well as immedi-
ately after harvest—was characterised by the red hybrid ‘TL’—below 0.9 µM Trolox·100 g−1

FW (Figure 7b). The flesh of the three other hybrids and the cultivar ‘Šampion’ was charac-
terised by significantly higher DPPH (above 1.3 µM Trolox·100 g−1 FW). On the other hand,
the cultivars ‘Golden Delicious’ and ‘Ligol’ had the highest post-storage DPPH activity
in the flesh, above 1.4 µM Trolox·100 g−1 FW. However, when analysing the value of this
trait in the peel after storage, it was found to be the highest in the cultivars ‘Šampion’ and
‘Golden Delicious’ (approx. 1.5 µM Trolox·100 g−1 FW). In the peel of the cultivar ‘Ligol’,
only a slightly lower DPPH value was found, which was also slightly higher than that of the
red hybrid ‘IP’—approx. 1.4 µM Trolox·100 g−1 FW. The other hybrids were characterised
by significantly lower antioxidant activity, while the lowest DPPH in the peel after storage
period was recorded in the red hybrid ‘TL’, i.e., below 1.2 µM Trolox·100 g−1 FW.

3.6. Consumer Analysis of Fruit after Storage

Consumers rated individual characteristics, including the overall impression of the
apples tested, differently and rather inconsistently (Figure 8). The red line on the figure
indicates the point where the evaluated features were at a neutral like/dislike level—point 5.
Thus, a feature rated below this point is considered unacceptable to consumers. The
results show that for all the evaluated traits and overall impressions evaluated, none of
the cultivars scored higher than 7.6. Similarly, none of the varieties scored less than a 3.1
in any of the categories. On a scale of 1–9, 7.6 was the highest average score given by
participants, and 3.1 was the lowest average score given by participants. In general, it can
be concluded that the highest-rated cultivar, both in terms of taste and overall impression,
was ‘Ligol’. Respondents gave all the tested attributes of this cultivar the highest marks,
with the exception of acidity. The hybrid with the highest rating was the green hybrid
‘GL’, whose overall impression was rated only one point lower by consumers than that of
‘Ligol’. The lowest rated in terms of overall impression were the red hybrid ‘TL’ apples,
below acceptability, although their individual characteristics, i.e., firmness, juiciness, and
acidity, were quite high. Interestingly, the overall fruit impression of the ‘Šampion’ cultivar
was only slightly above the edge of consumer acceptability. On the other hand, apples of
the ‘Golden Delicious’ cultivar were rated only slightly higher than ‘Šampion’ in terms
of overall impression, and some of the assessed features of this cultivar were below the
acceptable level. The overall impression of apples from the ‘IP’ and ‘LG’ hybrids was rated
a little higher than that of the ‘Golden Delicious’ and ‘Šampion’ cultivars.
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4. Discussion

There is no doubt that fruit quality is a key criterion that consumers consider when
choosing a cultivar. Some researchers point out that insufficient fruit quality may be a
limiting factor in fruit consumption [37,38]. The quality of apples encompasses a wide range
of characteristics that collectively contribute to the overall impression of the consumer.
These traits include appearance, texture, flavour, aroma, sweetness, tartness, juiciness,
storage life, and nutritional value [39].

In our study, we evaluated the fruit quality of four new apple hybrids and assessed
how they compare in terms of quality and consumer acceptability against three popular
and well-liked cultivars in Poland, that is, ‘Šampion’, ‘Golden Delicious’, and ‘Ligol’. The
evaluation has considered the characteristics of the fruits that determine their market
acceptability. Due to the fact that these fruits are often consumed after a storage period, the
distinguishing qualities of the quality distinguishing features that usually change during
storage (i.e., firmness, soluble solids, acidity, or antioxidant activity) were evaluated both
directly after harvesting and after 3 months of storage. In addition, fruits after storage
were also assessed by consumers in terms of features that they considered important.
The measurements and analyses made it apparent that the hybrids studied differed in
quality and health-promoting properties among themselves, as well as in relation to three
comparative cultivars.

One of the first fruit characteristics to be evaluated in our experiment was fruit size
(expressed in mass, height, and diameter) and the seed parameters (such as the number
of seeds per fruit and their weight). Both parameters are largely genetic (varietal) [40].
Some scientists report a positive correlation between fruit size and seed number [41]. They
also show that, in addition to fruit size, the average number of seeds per fruit affects
various quality traits, such as the number of deformed fruits as well as fruit ripening.
However, one should not always expect to find a large number of seeds in large fruit either.
For example, triploid apple cultivars, despite their large size, do not have many seeds.
Therefore, the size of the fruits is not always strongly correlated with the number of seeds,
as was proved, among others, by Zisovich et al. [42] and Jemrić et al. [43]. However, there is
no doubt that seeds play a huge role in fruit. They are important places for the production
of hormones [44], especially auxins and gibberellins, which can increase fruit growth and
improve mineral extraction. For apples, the number is also one of the factors that affect the
calcium content [45]. Yet, it is known that calcium plays a primary role in determining the
storage life of fruits [46,47]. In our research, the cultivars ‘Šampion’, ‘Golden Delicious’,
and ‘Ligol’ were characterised by significantly larger physical parameters (fruit weight,
height, and diameter) than the hybrids evaluated. The smallest fruits among the tested
cultivars were characterised by apples of the hybrid ‘LG’. Interestingly, it turned out that
cultivars with the largest fruits had the smallest number of seeds, while cultivars with
lower mass, height and diameter had more seeds. Furthermore, the smallest fruits of the
‘LG’ hybrid had the greatest number of seeds. Thus, these results support the point that the
size of the fruit is not always determined by the number of seeds. Furthermore, in the study
cited by Buccheri and Di Viano, the average number of seeds of ‘Golden Delicious’ was
similar to the number of seeds in the same cultivar in our experiment and was also slightly
above 5/fruit. It is worth mentioning that the size is determined by many factors, such as
fertilisation, pollination, rootstock, crop load, agrotechnical treatments, or meteorological
conditions during the growing season, among others.

Flesh firmness is one of the most important criteria for apple quality. Apples at harvest
maturity usually have a fairly high firmness, but it decreases after storage, and consumers
do not accept too soft, overripe apples [48]. However, consumer preferences in terms
of firmness are not the same. The firmness value below which apples are considered
unattractive is believed to be 44.2 N [49]. However, in the case of ‘Gala’, consumers prefer
firmness above 55 N [21]. In the experiment carried out, all apples of the tested cultivars
directly after harvest had a flesh firmness greater than 55 N. It should also be noted that
the fruits of the hybrids were characterised by a rather higher firmness than those of the
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comparison cultivars. However, after the storage period, the firmness of the apples of the
evaluated hybrids decreased to a greater extent compared to the other cultivars. While in
hybrids and ‘Šampion’ the firmness during 3-month storage dropped by approx. 20–27 N,
in ‘Golden’ Delicious’ and ‘Ligol’ it dropped only by approx. 10 N. In the case of the hybrid
‘LG’, firmness dropped far below 44 N, so this allows us to assume that these apples lose
their storability fast and should not be stored for more than 3 months. It should be noted
that the hybrid ‘GL’ was characterised by impressive flesh firmness, incomparable to any
other cultivar tested, both before and after storage, which in turn allows us to think that it
may be quite attractive in the opinion of consumers.

The soluble solid content (SSC) and titratable acidity (TA) of apples can vary among
different cultivars. Soluble solids content (SSC) includes mainly sugars (followed by acids,
vitamins, and some water-soluble minerals), so the value of this trait is often identified
with fruit sweetness [50]. Different apple cultivars have varying degrees of sweetness and
tartness, and the balance between them is a key factor in consumer acceptability [20,51]. In the
conducted experiment, cultivars directly after harvest have higher SSC than hybrids—only
‘TL’ achieved a similar, although slightly lower, SSC value. However, after the storage
period, most cultivars had higher SSC values compared to those directly after harvest,
which is in line with the results of the other researchers [52]. After the 3-month storage
period, the two green hybrids were characterised by a relatively high SSC compared to
other cultivars (only ‘Šampion’ exceeded them in this regard). Also, in terms of acidity (TA),
both after harvest and after storage, the green hybrids had a lower percentage of malic
acid compared to the red hybrids, suggesting that they would be perceived as less acidic.
These results are reflected in the value of the SSC/TA ratio, which, as mentioned above,
is a defining quality trait of apples. In both green hybrids, before and after storage, the
SSC/TA ratio was higher than in the red hybrids. Directly after harvest, only ‘Šampion’ had
a higher SSC compared to ‘GL’ and ‘LG’. After storage, on the other hand, the value of this
ratio was at a similar level or even higher than that of the comparison cultivars. It is worth
noting here the consumer evaluation of the cultivars tested, as in many regards, consumers’
impressions reflect the results of the instrumental evaluation of the apples after storage. As
expected, the firmness of ‘LG’ apples, which was the lowest in the instrumental evaluation
after storage, was also one of the lowest in the consumer rating and was below the level
of acceptability. A similar situation can be observed for the ‘Šampion’ cultivar and the ‘IP’
hybrid, whose firmness was not high in both instrumental and consumer evaluations. On
the other hand, the firmness of the hybrid ‘GL’, which performed best in this respect in
the instrumental assessment, was also rated quite high by consumers; only the firmness
of ‘Ligol’ apples was rated higher by consumers. Some similarities in the consumers’
evaluation compared to the instrumental evaluation can also be seen with regard to the
sweetness of the apples. Fruits with a higher SSC/TA ratio (‘GL’, ‘LG’, ‘Šampion’, and
‘Ligol’) were also rated higher by respondents in terms of sweetness. In contrast, the
sweetness of apples with a relatively low SSC/TA ratio was also rated quite low in the
consumers’ evaluation. According to Pasquariello et al. [53], optimal sugar-to-acid ratio,
juiciness, and firmness are some of the key characteristics positively influencing consumer
acceptance. The results of our experiment seem to partially confirm this statement, as
only in the case of the cultivar ‘Ligol’ were all the requirements mentioned achieved. For
the apples with the highest firmness, the hybrid ‘GL’, consumers rated the firmness and
sweetness well, but the juiciness was on the edge of acceptability. However, the overall
impression of these apples performed well in the consumers’ opinion. In the evaluation of
the fruit, it is also worth noting the trait of crispness. This characteristic was rated highly
by consumers only in the hybrid ‘GL’ and the cultivar ‘Ligol’—that is, in those cultivars
whose overall quality was rated the highest. It shows that crispness is also important for
the consumer perception of the apples, which is also confirmed by reports by Jesionkowska
et al. [54] and Symoneaux et al. [55].

Apple consumers also pay attention to its colour. The colour of an apple is often the
first feature consumers look at. Different cultivars differ in peel and blush colour, and
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among new cultivars, there may be different shades and blush patterns that can be visually
attractive. Colour can also indicate ripeness and freshness [56]. Of the four hybrids tested
in this experiment, two of them, ‘IP’ and ‘TL’, were practically entirely covered with a
blush of an intensity similar to ‘Ligol’, but much less intense than ‘Šampion’. On the other
hand, hybrids ‘GL’ and ‘LG’, originating, among others, from the cultivar ‘Granny Smith’,
had practically no blush, although in the case of ‘GL’ apples, a small, very light, slightly
orange shade could be seen. The basic peel colour of the ‘LG’ hybrid could be compared to
‘Golden Delicious’ and ‘Ligol’ apples. In contrast, in the ‘GL’ hybrid, the peel was darker
and greener than that of ‘Golden Delicious and ‘Ligol’.

The content of bioactive compounds at harvest is considered as important marker for
the internal quality of the fruit [57]. Such compounds are a source of dietary antioxidants
that reduce the risk of many chronic disorders, including cancer [58]. Higher absorption
of phenols also leads to a reduced risk of heart disease and lower cholesterol levels [59].
Apples are rich in components that are important for human health, such as polyphenols,
organic acids, and microelements, but their chemical composition varies with different
apple cultivars [60]. The content of the mentioned components is largely a genetic trait,
depending on the species and cultivar [50]. In addition to genetic factors [61], bioactive
compound content is influenced by a number of external factors, such as fruit maturity,
exposure of fruit to sunlight, length, and type of storage or cultivation location [62–64]. The
cultivars evaluated in this experiment also differed in their content of bioactive compounds.
However, it should be noted that the content of the tested compounds was always higher in
the fruit peel than in the flesh, which is in line with the reports of other researchers [65,66].
Usually, the content of individual compounds also increased during fruit storage, which
is also confirmed in the literature [57]. It is difficult to conclusively indicate which of the
tested cultivars was the most abundant or the poorest in polyphenols and flavonoids by
considering flesh and peel separately, as well as the date of testing (post-harvest, post-
storage). Overall, concluding the total content of polyphenols and flavonoids, it can be
stated that the cultivars ‘Šampion’, ‘Golden Delicious’, and ‘Ligol’ were more abundant
in these compounds compared to the hybrids tested. Among the hybrids, on the other
hand, the green ‘GL’ was the most distinguished, in which the content of the compounds
in question was usually higher in different parts of the fruit and on both analysis dates
compared to the other hybrids. Thus, this shows that cultivars with green peel, basically no
blush, do not have to be lower in content of polyphenols and anthocyanins than intensely
coloured cultivars (such as hybrids ‘IP’ and ‘TL’). A similar relationship can also be seen
in the study by Kumar et al. [50], where green-peel cultivars had similar or even higher
antioxidant content than red-peel cultivars. The same view is also presented by Kondo
et al. [67], who believe that if the amount of anthocyanin in the skin is small, the anthocyanin
may not contribute to the antioxidant activity in red cultivars. These results confirm the
thesis that the content of bioactive compounds is a cultivar attribute [50,62]. In terms
of antioxidant activity, the cultivars also varied somewhat among themselves. It was
also evident that there was a large variation between the flesh and the skin of the fruit,
as well as between the results from different analysis dates. Similarly, as in the case of
polyphenol and flavonoid content, many different factors also influence antioxidant activity.
The main compounds with antioxidant properties present in apples are polyphenols [68].
Thus, comparing the polyphenol content and DPPH value in individual cultivars, some
similarities can be found, such as in the three comparison cultivars, in which DPPH was
usually quite high, as was the polyphenol and flavonoid content. However, this dependence
was not apparent in all cases in these cultivars. It should be noted that in some hybrids,
such as ‘IP and ’LG’, in which the content of polyphenols, but also flavonoids, was not very
high, the antioxidant activity was at a fairly high level. Moreover, for DPPH, the colour
of the fruit peel did not affect its value. Green-skinned cultivars had similar, and often
even higher, antioxidant activity than red-skinned cultivars. Confirmation of the above
results can be found in the literature. The same view is also presented by Kondo et al. [67],
who believe that it is possible that antioxidant activity in the fruit can be maintained by
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only a certain minimum polyphenolic concentration. Furthermore, they also claim that if
the amount of anthocyanin in the skin is small, the anthocyanin may not contribute to the
antioxidant activity in red cultivars. Therefore, cultivars with green fruit may have higher
antioxidant activity relative to red cultivars. Considering the above, it can be concluded
that, however, it is the cultivar factor that largely determines the antioxidant activity and,
therefore, the health-promoting properties of a particular cultivar.

5. Conclusions

Taken together, we have shown that the four new apple hybrids differ from each other,
as well as from the popular cultivars ‘Šampion’, ‘Golden Delicious’, and ‘Ligol’ both in
terms of fruit quality and nutritional value, as well as consumer acceptance. However, on
the basis of one research season, it is difficult to determine which of the hybrids studied
will be the most valuable in terms of overall fruit quality. The most interesting at this
stage of the research seems to be the hybrid ‘GL’ with the most intensely green fruit and
highest firmness, which may indicate its high storability. In addition, the nutritional value
of its fruit was also found to be quite high, and it proved to be the most acceptable by
consumers among the hybrids (consumers rated the overall impression of ‘GL’ even higher
than the cultivars ‘Šampion’, and ‘Golden Delicious’). The fruits of hybrids ‘IP’ and ‘TL’
are completely covered with blush. However, the quality of their fruit was not very high,
although ‘IP’ apples received positive consumer acceptance in terms of overall impression.
‘TL’ apples received the lowest consumer scores in this aspect; thus, it was the only cultivar
tested whose overall impression was below the level of acceptability. The ‘LG’ hybrid had
the smallest fruit with the lowest firmness and low content of bioactive compounds, but
nevertheless performed positively in the consumers’ evaluation.

Moreover, our research has shown that the content of bioactive compounds and
antioxidant activity of apples is not always higher in dark-skinned cultivars. This is clearly
a cultivar characteristic, and the content of polyphenols and flavonoids may not reflect
antioxidant activity.

However, further research is needed to fully evaluate the fruit quality of the new
apple hybrids.
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